Objective-To assess the risk of cancer from inhalation of mineral acid mists. Methods-A cohort study and nested case-control study of upper aerodigestive tumours were carried out in men employed since 1950 at two battery plants and two steel works in Britain. The cohort was identified from personnel records and included 2678 men with definite exposure to acid mists (mainly sulphuric acid), 367 with possible exposure, and 1356 who were unexposed. Mortality was compared with that in the national population by the person-years method. Cases of upper aerodigestive cancer were identified from death certificates and cancer registrations, and their exposure to acids was compared with that of age matched controls (five per case) from the same plant by conditional logistic regression. Results-In follow up to 31 December 1993, 93% of men were traced, including 1277 who had died. Among the men definitely exposed to acid mists, overall mortality was less than in the national population (standardised mortality ratio (SMR) 0-92, 95% confidence interval (95% CI) 0.85-0.98) as was mortality from all cancers (SMR 0-92, 95% CI 0-79-1.05) and specifically from cancer of the larynx (SMR 0-48, 95% CI 0.01-2.70) and lung (SMR 0-98, 95% CI 0-78-1.22). A total of 15 incident or fatal cases of upper aerodigestive cancer were identified during follow up. When these men were compared with controls, risk was moderately increased in those who had worked for at least five years in jobs entailing exposures to sulphuric or hydrochloric acid in excess of 1 mglm3 (OR 2-0, 95% CI 0-4-10).
Sulphuric, hydrochloric, and other mineral acids are widely used in industry.' Mists formed by such acids are irritant to the upper 2 airways, and at high concentrations cause erosion of dental enamel.34 Over the past 15 years, evidence has accumulated that they can also cause upper aerodigestive cancer and particularly cancer of the larynx. Thus, in 1981 Ahlborg and colleagues reported three cases of laryngeal cancer among 110 men employed for more than a year at a Swedish plant where sulphuric, nitric, and oxalic acids had been used to pickle steel pipes.5 Subsequently, an excess of laryngeal cancers was found in a cohort of steel workers in the United States who were exposed to mists, mainly of sulphuric acid6 7; and an increased incidence of laryngeal tumours was found in men exposed to sulphuric acid at an Italian soap factory.8 Exposure to sulphuric acid has also occurred in the manufacture of ethanol and isopropanol, where studies have suggested an increased risk both of laryngeal and other upper aerodigestive cancers.9 1 ' In particular, a case-control study among employees at an ethanol plant in the United States found a fourfold increase in the risk of upper respiratory cancer in workers with potentially high exposure to sulphuric acid, and an even bigger relative risk for laryngeal cancer specifically. '4 These findings from investigations in industry are supported by three case-control studies of laryngeal cancer in the general population carried out in Gliwice, Poland,'5 Ontario, Canada,'6 and Buffalo, New York'7; although another case-control study in Texas found no association between laryngeal carcinoma and potential exposure to sulphuric acid. '8 Largely on the basis of this evidence, the International Agency for Research on Cancer has classified occupational exposure to strong inorganic acid mists containing sulphuric acid as carcinogenic in humans.' To control the hazard, however, more information is needed about the relation of risk to level and duration of exposure. We describe here a cohort study and a nested case-control study which examine further the risk of upper aerodigestive cancer from mineral acid mists. Alive at 31 December 1993  803  189  1716  2708  Died  420  123  734  1277  Emigrated or otherwise lost  32  12  65  109  Untraced  101  43  163  307  Total  1356  367  2678  4401 shows the count of subjects in each of the exposure categories by factory. The uncertainty about possibly exposed men arose from incomplete information about the jobs that they had done. 
Method

Results
In total the cohort comprised 4403 men, but two were excluded from the analysis because their date of first employment was unknown. Table 1 shows the distribution of the remaining 4401 subjects by factory. On the basis of their job histories, 1356 men were classified as never exposed to acid mists, 367 as possibly exposed, and 2678 as definitely exposed. Table 3 shows the cause specific mortality of the cohort according to exposure. Overall mortality was lower than in the national population (1277 deaths, SMR 0.94, 95% CI 0-89-0 99), as was that from most specific types of cancer and from respiratory disease. Deaths from circulatory disease were close to expectation. Among men never exposed to acid mists, a similar pattern was found except that death rates from respiratory disease were higher. Mortality patterns in the men with definite exposure to acids were likewise unremarkable. In particular, there were fewer deaths than expected from cancers of the larynx (1 death, SMR 0A48) and lung (83 deaths, SMR 0 98). Altogether, eight deaths from upper aerodigestive cancer were recorded in the cohort during the period of follow up. Also, a further seven cases were identified from cancer registrations in men still alive at the end of 1993. These 15 cases (table 4) formed the basis for the nested control analysis. The controls were tightly matched to the cases for age, with differences of less than a year for all but two controls. Two men were selected as controls twice, so that there was a total of 73 controls. Table 5 shows the association of upper aerodigestive cancer with maximum exposure to acid mists, and with a measure of cumulative exposure. Risk was increased twofold in men who had worked for at least five years in jobs with high exposure, but this excess was not significant. Of the four men with laryngeal cancer, two were classed as having high exposure to acids for five years or more, one had intermediate or uncertain cumulative exposure, and one was unexposed. There was no association between upper aerodigestive cancer and either lead or asbestos.
Discussion
This study provides limited evidence that the risk of upper aerodigestive cancer is increased by exposure to mineral acid mists at the levels of exposure which occurred historically in the industries studied. Incidence was doubled in men who worked for more than five years in jobs where exposure to sulphuric or hydrochloric acids was likely to have exceeded 1 mg/mi. However, this risk estimate was based on only a small number of cases, and the excess was not significant. There was no consistent indication of any increase of risk at exposures below 1 mg/mi which is the current British occupational exposure standard (OES) for sulphuric acid. Nor was there any suggestion of a notably higher risk for laryngeal than for other upper aerodigestive tumours.
As well as its low statistical power when looking at rare cancers, the study had several other limitations. The proportion of cohort members untraced at the NHS Central Register (7%) was higher than in most investigations of this type, although there is no reason to suspect that the untraced men would have had an unusually low or high cancer incidence. Also, the data on cancer incidence are likely to have been incomplete for the early years of follow up. This is because cancer registration did not become well established in many regions of Britain until the 1970s. To avoid possible biases from regional differences in the ascertainment of cancers, we selected controls for the nested case-control analysis from the same factory as their matched case. Within the workforce of a particular factory we would not expect the completeness with which cancers were ascertained to relate in any way to work with acids.
Another problem was the possibility of confounding effects. Asbestos has been linked with laryngeal cancer in several studies, 21 22 but in our analysis it was not associated with upper aerodigestive cancer and should not have had an important confounding influence. Some of our subjects working in the manufacture of batteries were exposed to lead, but again this did not seem to be an important confounder. Of potential non-occupational confounders, the most important are alcohol and smoking, both of which are established causes of oral and laryngeal cancer. 23 We had no direct information about subjects' consumption of either alcohol or tobacco, but it is notable that in contrast to one previous study,24 mortality from lung cancer among men with definite exposure to acid mists was close to expectation. Lung cancer is more strongly associated with smoking than oral or laryngeal cancer, and in view of this we think it unlikely that smoking has had a major confounding effect. Furthermore, the strength of the relation between alcohol and upper aerodigestive cancer is such that only large differences in alcohol consumption by occupation would seriously distort associations with exposure to acids.
The other weakness of our study is the lack of occupational hygiene measurements, particularly before 1970. We are, however, confident that concentrations of acid mists during the early period were if anything higher than those recorded more recently.
Of the previous studies that have found associations between acid mists and cancer, two have indicated increased risk at exposures to sulphuric acid below 1mg/M3.7 16 Our findings do not exclude this possibility, but they suggest that any risk from this level of exposure must be small. 
